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Head injury is the main cause of death among young adults and children and may become the 24 third greatest global death cause by 2020, due to the substantial number of associated deaths 25 and cases of disability [1] . The UK National Confidential Enquiry into Patient, Outcome and 26 Death (NCEPOD) reported that more than half of patients that required neurosurgical advice 27 were taken to hospitals with no on-site neurosurgical provision and only 14% of patients 28 requiring secondary transfer to a neurosurgical centre had access to neurosurgical treatment 29 within four hours [2] . Patients treated in a non-neurosurgical centre had a 26% increase in 30 mortality and a 2.15 fold increase in the risk of death compared to patients treated at a 31 neurosurgical centre [3] . First responders need more information on the neurological 32 condition of their patient. In particular, they require information on potentially evolving 33 haematomas which may need prompt and rapid action. This information is vital for proper
Methods
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In EIT, the process is divided into a forward problem and an inverse problem. To reconstruct 72 the conductivity distribution images through the EIT inverse problem the forward problem on 73 a prototype model has to be solved. For general cases, a numerical method such as finite 74 element analysis is required to implement the model and solve the forward problem. Initially, 75 a simple forward model based on a circular shape with a homogenous conductivity 76 distribution may be used to calculate the sensitivity matrices [9] . Better results are obtained if 77 the forward model exactly matches the object in terms of internal conductivity distribution 78 and external geometry. In principle, an incorrect estimate of boundary shape will introduce 79 artefacts and reduce the quality of the reconstructed images. However, more realistic models 80 need to be used carefully since inaccurate prior information may yield images worse than 81 those reconstructed with a simple forward model [10] . In practice, it is difficult to specify an 82 accurate model for an individual head because head geometry varies from patient to patient. head. An adjacent current pattern was applied to both layouts, wherein current was applied in 
2.2.Data generation
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In vitro ovine experiments were performed in conjunction with an eight-electrode EIT system 104 to determine the potential of this configuration to provide good results in vivo. To obtain the 105 experimental measurements, a prototype 16-electrode EIT system known as the "EITLboro" 106 rig was used. The structure of this device is presented in Figure 2 . The system is controlled 
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These electrodes were also soldered to the wires to connect to the skull on the interior of the finite element model with a homogenous conductivity distribution [9] .
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(1) the rank of the sensitivity matrix on inspection of the L-curve of experimental data [14] . The 170 truncation numbers were almost the same for all the datasets. The pseudo-inversion (S ) was 171 achieved using TSVD and images were obtained using Eq. (2). improve anomaly localisation, the sensitivity matrix was weighted with a diagonal matrix 178 composed of a system blurring property, which was directly calculated from the sensitivity 179 matrix [7] . In the Weighted Pseudo-Inverse (WPI) method, reconstruction was weighted with 180 P prior to pseudo-inversion. The entries of a diagonal weighting matrix (P) were calculated 181 using Eq. (3) where is the total number of elements. The blur matrix (B) is dimensionless 182 and can be pre-calculated from the sensitivity matrix S via Eq. (4). Then the reconstruction 183 was modified to obtain images using Eq. (5). and (7):
The anomaly location (x, y) is effectively the centre of the reconstructed anomaly. The values where, for an element (or pixel) , ∆ is the conductivity change reconstructed in the i-th
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The data for intracranial haematomas in five ovine models were successfully collected with 206 the EITLboro rig and used to reconstruct the images. To improve the SNR of EIT, a sequence 207 of at least 100 frames of data was collected before the anomalies were introduced. These
208
were averaged and used as the reference data set. For each anomaly position, 100 frames of 209 data were collected and averaged as the perturbation data for that anomaly position. shown in Figure 5 and reconstructed images of the anomalies in subject C using SA 219 configuration are shown in Figure 6 . The simulated anomalies were detected for all the 220 positions using both layouts; however FA results were in general superior to the SA results.
221
Relative radial localisation errors for five ovine models using FA and SA are shown in layout. The worst QI error in reconstructions using the FA layout was around 30%.
239
According to the reconstructed images, the size of the simulated anomalies at 0° and 45° (α For the first time, animal studies were performed using EIT to detect and localize proven in previous studies [16, 17] . A group based at the University of Florida has applied phantom experimental studies, data were collected by a FA layout with 16 electrodes equally 279 spaced around the head, using adjacent current patterns. Their results showed a maximum 280 radial error of 0.1 and QI error of 30% which is better than our size estimation accuracy.
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Sadleir et al. [6] introduced a hemi-array electrode layout for the application of abdominal 282 trauma. QI values of their phantom experimental studies showed a variation of around a 283 factor of 4, the maximum being 220%. Hemi-arrays have been used in vivo to quantify 284 accumulating abdominal fluid [18] and to monitor lung resistivity by Zlochiver et al [19] .
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However, the hemi-array electrode layout failed in our application to detect simulated 286 haematomas using ovine models. We believe that the presence of the skull and the geometry 287 structure of the head may restrict the use of the hemi-array in this application. However, our 288 optimised SA electrode layout has shown its reliability to detect, localise and quantify the 289 simulated haematomas in this application. According to earlier studies [20, 21] , the quality avoid the need to move and lift the patient's head in emergency cases. We believe that using 294 an eight-electrode configuration is more preferable than using 16 to a PC through a serial port. A graphical user interface was developed using Visual Basic (VB). 10
The Constant Current Source, CCS generates a constant current fed by a signal generated by the 11 Direct Digital Synthesizer, DDS. The measurements were amplified using an Instrumentation 12
Amplifier (IA) to produce a complete voltage data set. 13 
